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CLAIMS 



.1. A silicon implant having a beneficial substance ylssociated with it, 
the implant being eroded when implanted in a mammaU/n body. 

2. A silicon implant according to claim 1/^n which the implant 
comprises porous silicon. 

3. A silicon implant according to /^laim I which comprises 
polycrystalline silicon. / c ^ 

4. A silicon implant according to ^2:im:ediag^laHn which is resorbed 
when implanted in a mammalian body. 

5. A silicon implant according/(o a«5-pi=ecediag^c4ai«^hich if left in 
the mammalian body for long eno/gh is substantially completely resorbed. 

6. A silicon implant acco^ing to /^^^^g-^^llii«^in which said 
beneficial substance comprised aielWept c/i the periodic tabre:::^ 



7. A silicon implant jiccording l^cj 
micromineral. 



6 in which the element is a 



8. A silicon impl/nt according to claim 7 in which the micromineral is 
from the group: selenium, manganese, molybdenum, chromium, vanadium, 
iodine, fluorine, cob4lt (vitamin B12). 

9. A silicon Jbiplant accordingjojlainLlJ^ the element is an 
essential trace elfement identified as such in Figure 5. 
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,0. A silicon implant according to claim 6 in ficH the element is a 
therapeutic element. 

... trt riaim 10 in which the element is from 

11. A silicon implant according to claim lu w 

the groupf Hthium, gold, silver, platinum. 

12 A silicon implant according to an/^recedi^^^^im-in which the 
substance is distributed through a volume/f the material of said implant. 

13 A silicon implant according to/claim U in which the substance is 
distributed through substantially the/whole volume of the material of the 
implant. 



,4. A silicon implant accordiyg .o ^^»Wm which comprises 
at least a region of porous silicorn. 




,5. A silicon implan. /accorC*. - claim .4 which comprises 
substantially entirely porou/ silico 

.6. A silicon in-plan/accordin, to^cUi^^^^^ e.^^ w^ich has a 
porosity of at least 3%,y4% or 5%. 

,7. A silicon implant according to a^inS^23im!io-^hich has 
a porosity of 30% oy less. 

,8 A silicon ynplant according to ai#^^5^ihns44^ which has 
a porosity in th/range 3% to 10%. or in the range 10% to 60%. 

, 9 A siUc/n imptot according to »^*reccding.Uaim-in which there is 
provided a iservoir of beneficial substance, and a door leading to the 
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reservoir, the door being made of silicon material w/ich is corroded in use 
so as to enable body fluid to contact the ben^^icial substance m the 

reservoir, 

20. A silicon implant according to claim 19y(n which there are a plurality 

of reservoirs. 

21 A silicon implant according to cl^m 19 in which the 
reservoirs are adapted to expose or r^iase their contents to body fluids 
sequentially with time. 

22 A silicon implant according/to ai^^-ene-eMaims-l^Uo^ in which 
there are a plurality of reservoir/ each having an associated door, and m 
which there are doors of diffe/ent corrosion times, such that m use the 
reservoirs are breached at diffe/ent times^ 



23. A silicon implant ac^rding to 
different thicknesses. 




which there are doors of 



24. A silicon implanyaccording to claim 22 in which there are doors 
which corrode at differ^t rates. 

25. A silicon implant according to ^i^52imil^in which 
there is an array of ^servoirs. 

26 A silicon i^plant according to anjuone-o^^laims-l^c^S-in which 
the reservoirs comprise holes which contain the beneficial substance. 

27 A silic/n implant according to ^^^3£:c^^=^^=^ in which 
the reservoir/comprise regions of the implants which differentially contain 



4 

wo 99/53898 



PCT/GB99/01185 



51 



ignificantly l^gher level than adjacent. 



the beneficial substance to a si 
non-reservoir, regions of the implant 

28 A silicon implant according to aW^.^^J^SS'-ili^which 
comprises a firs, component dcfming/n par. a boundary of the or each 
reservoir and a second component de/ning in par. a boundary of .he or each 

reservoir. 

29. A silicon^pjam^^ng to claim 28 in which the two 
components are/substantially fciQ sameT 

30. A silicon implant ^cor/tjxg to a^onc^ms-+9^2^n which 
there are at least of 
hundred, reservoirs. 



the ofderAfAen, and(priferably^least of the order of a 



31. A silicon imt/ant according to claim 30 in which there are at least<q^ 
the order of a thoijfeand reservoirs. 

32. A silico/ implant according to anj^-one-oi^^Oaims-l-^-^o^ 
been micromafchined. 



-that has 



33 An ikplant comprising a porous or polycrystalline carrier material 
that is co/rode by mammalian subcutaneous physiological fluids, and a 
beneficii substance associated with the carrier material. 



34. An implant 
semiconductor. 



j^^^ing to claim 33in which the carrier material is a 
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An 




52 



plant according to claim 34 in which the carrier material is 
froI^^t^le''d\pe<^ undoped group: silicon, germanium, silicon carbide. 




silicon nitride 

36. An implant according to aa3^^ooe-^^^teifl*?^3^^^ w*^*^*^ 
implant comprises porous or polycrystalline sem^nductor material. 

C%cJr^ 33 

37. An implant according to a«y5:^e^iaims^3-ta^n which the 
beneficial substance comprises an eleme/of the period table. 



38. An implant according to yfclai 
micromineral. 




in which the element is a 



39. An implant accordir/to claim 36 and an y ono o f rhim s 1 -to^in 
which instead of silico/ another semiconductor material comprises the 
material that is eroded/in use. 

40. A silicon implant substantialli^ as described herein with reference to 
Figures 4A to 4C and Figure 5 of tK^Iccompanyipg drawings. 




41 . A silicon implant substaUklly as described herein with reference to 
Figure 6, or Figure 7, or F^ure 8, or Figure 9 of the accompanying 
drawings. 

42. A method of making a silicon/inlplant for the delivery of a beneficial 
substance to a subject, the methoi co^rising taking a body of silicon, 
forming the silicon into an irilpl^e implant, and introducing a 
beneficial substance into the silicon. 
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43. A method according to claim 42 which comprises appV^ng a solution 
of microminerai to the silicon and migrating the micr^ineral imo the 
silicon. 



44. A method according to claim 42 p5:£ia*m-4ycomprising driving the 
beneficial substance into the silicon using heat. 

45. A method according to any— or 
micromachining a hole or recess in the silicc/n. 



-Tt2~t0~42r^omprising 



46. A method according to claim 45/urther comprising introducing said 
beneficial substance into the hole. 



iHis-43— to-4T5' comprising 
ich contains the beneficial 



47. A method according to d^h-G^- 
applying a lid, or door, over the regi< 
substance to retain the beneficiyi substJ 

48. A method accordin/to ii^iSe_of-claiins_45-to-4^ comprising 
making a hole in a first component of silicon, making a complementary hole 
in a second piece of siu/on, introducing said beneficial substance into one 
or both holes, and joir/ng the two components together with their holes in 
register to define / closed reservoir which contains said beneficial 
substance. 



- claims 4 5 — to" 



49. A metho<^ according to a^^C-o.i^-ctetmi-^'S--^^ 
making a largeZumber of holes in the implant, preferably simultaneously. 



50. A mJhod according to claim 49 which^isesj^hotolithographic 
technique td make the holes. 
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A method according tOr-any-o ne of claims 42 < : 4e-^ compnsmg 



treating the body of silicon to make at least part op/if porous. 



52. A method according to claim_5J^nHirisingraiking a body of silicon 
porous throughout substantially the wlyaie^'^f its^lj^e. 

53. A method according to ap^.35e ^ f cl aims 42 to 50 comprising taking, 
or creating, a polycrystalliij/silicon body of material, or a layer or region 
of polycrystaliine silicoi 



54. A method of making 



a semiconductor implant for the delivery of a 



beneficial substance to a su )ject, the method comprising taking a body of 
semiconductor, forming the i emiconductor intojm implantable implant, and 
introducing a beneficial substance into theWmiconductor^ - "^-jii^ ' 



55. A method according to\ claim ^4 in which the semiconductor is from 
the group: silicon, germanium.\ 



56. A method according to claim 
a micromineral to the semiconductor. 



:::e^aiffi-§5-comprising introducing 



SI. Ajtnethodaccording4o«4pn£^^ '^^ accordance 

with ?any one of claims 42 to53jtin which the silicon material need not be 
silicon but could be^another semiconductor. 

58. A method of making a/Y/^nicoodtictor implant substantially as 
described herein. / 



59. A method of making an iApl/nt^for the delivery of beneficial 
substance to a subject, the method c<imirisin^>eating a porous member of 
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material that is erodable in vivo, creating an implant from the member, and 
introducMig a beneficial substance into the implant. 

60. An Implant having a plurality of reservoirs, a plurality of beneficial 
substance ckarges provided in said reservoirs, and a plurality of barrier 
regions, or doors, provided adjacent said reservoirs, the doors having a 
pJuraHty-ofLdiCferent erosion times when implanted, the arrangement being 
such that in ust^the doors are broken down sequentially in order to stagger 
the release oftK^contents of the reservoirs. 

61. An implanfi according to ofSki 60 in which the doors comprise a 
semiconductor material. / 

62. An implant according to Llaim 60 e r4laim 6+-in which substantially 
the entire implant comprises semi^ondtictor material. 

63. An implant according to claim 62 in which the implant comprises the 
same semiconductor matejtial throughout. 

64. An implant according to any--one-of^ainis-60-+tH»3 in which there 
are at least five reservoirs. \ 

65. An implant according tto claim 64 in which there are at least ten 
reservoirs. \ 

66. An implant according to\claim 64 in which there are at least fifty 
reservoirs. \ 



67. An implant according to clWm 64 in which there are at least one 
hundred reservoirs. \ 
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68. AiAimplant according to claim 64 in which there are at least of the 
order of hundreds of reservoirs. 

69. A method of delivering a beneficial substance to a subject 
comprising implanting an implant into the subject and arranging for 
different regions\of the implant to be eroded through or away at different 
times by arranging for said regions to require different exposure times to 
the corroding fluids experienced in use to be breached, and using the 
sequential breachiJfe of s^id different regions to release sequentially 
different reservoirs 6f benpficiai substance that were retained in or behind 
said different regions of tne implant. 



70. ^The^use^of corroViablWr-fesorbable silicon, or other semiconductor 
material, in the preparation of an implant for the delivery of a 
physiologically active substance to a subject. 

71. The use of the fcorrosion or resorbtion of silicon or other 
semi^iido^r material in\ an implant in order to release a substance 
entrained in the material of the silicon or semiconductor, or to open a door 
to a reservoir of the substance 



72 A silicon implant according to 




of Claims^ 6, 7, 9, 4 0, and 11 



characterised in that the implant comprise/ a porcmy silicon sample having a 
sample surface, the element being preseht at a ^n^ntration between 1 and 
90 atomic percent at a depth, from th/sample Surface, between 0.35^m and 
1 OOOfim. 
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73 A silicon implant according to Claim 72 characterised in that the 
element is present at a concentration between 1 aj^d 50 atomic percent at a 
depth, from the sample surface, between 0,35 \xm and \OQ\xm. 

74 A silicon implant according to CIab& 72 characterised in that the 
element is present at a concentration between Kind 10 atomic percent at a 
depth, from the sample surface, betweep!n).35/ii^and lOOixm. 

75 A silicon implant accordinc/ to Claim 72 characterised in that the 
element is present at a concentration between 1 and 1 0 atomic percent at a 
depth, from the sample surface, JSetween 20|im and 30^m, 

76 A methjpd according to Claim 54 characterised in that the method 
comprises the further step of treating the body of semiconductor to make at 
least part of it florous. 

77 A method according to Claim 76 characterised in that the step of 
introducing the beneficial subs^ce comprises the steps: 



(a) bringing the beneficial j^ubstance inj6 contact with the porous part of the 
semiconductoi 

(b) causing the b^eficial substance to be in a molten phase; and 

(c) allowing the mblten beneficial substance to pass into the porous part 
of the semiconauctor. 



78 A method according to Claim 77 characterised in that the passage of 
the beneficial substance Wo the porous semiconductor is assisted by the 
application of heat to the porous semiconductor. 
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79 A\method according to Claim 77 characterised in tliat the method 
further cWprises the step of thermally decomposing the beneficial 
substance tkat has passed into the porous semiconducting material. 

80 A method according to Claim 77 characterised in that the method 
comprises the std^p of reacting the beneficial substance that has passed into 
the semiconductoAmaterial with an oxidant. 

8 1 A method according to a n y one o f-€lai ms 76 to 80 ' characterised in 
that the semiconductoV is silicon. 

82 A method of imiregnating a^oroWs semiconducting material with an 
impregnate substance, Vhe methoti coiitrising the step of bringing the 
impregnate substance intb contact /with the porous semiconducting material; 
characterised in that the iftethod fiirther comprises the steps: 

(a) causing the impregnWe subsWce to be>fi a molten phase: and 

(b) allowing the molten! impregnate substance to pass into the porous 
semiconducting matesial. 

83 A method according to\ciaim 82 characterised in that the passage of 
the impregnate substance into\the porous semiconductor is assisted by the 
application of heat to the poroui^ semiconductor. 

84 A method according to c\aim 82 characterised in that the method 
further comprises the step of thermally decomposing the impregnate 
substance that has passed into the parous semiconducting material. 
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85 A method according to Claim 82 characterised in that the method 
comprises the step of reacting the impregnate substance that iias passed into 
the semiconductor material with an oxidant. 

86 A metnod according to an y on e of Claims - 82 Lu 85 c haracterised in 
that the impregnate substance comprises a metal salt. 



87 A. method according to Claim 86 characterised in that the impregnate 
substance comprises two or more metal salts. 

88 A method According to Claim 86 characterised in that the metal salt 
is manganese nitrdte or chromium nitrate or silver nitrate or calcium nitrate. 



89 A method acbording to /Claim 86 characterised in that the metal salt 
is a salt of one or m<\re the trajisition metals or the rare earth metals. 

90 A method accdirding td Claim 86 characterised in that the salt is a 
nitrate or an alkoxide <\r a beta\|iketone, or ^/mixed alkoxide/beta-diketone. 



91 A method according to Claim 86 characterised in that the salt has a 
melting point less than 800 C. 

92 A method according to Claim 86 characterised in that the salt has a 
melting point less than 400\C. 



93 A method according tto Claim 86 characterised in that the salt has a 
melting point between 0 C aijd 150 C. 

94 A method according to Uny one of Claims 82 -4e-^^5-charactensed in 
that the porous semiconducting material is porous silicon. 
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95 A methoci acc<^rding to Claim 94 characterised in that the porous 
silicon has a porosity in the range 3% to to 60%. 



96 A sample of porous silicon that has been im^)regnated with an 
impregnate substance, the sample having a sample surface and the 
impregnate substance comprising an impregnate element, characterised in 
that the impregnate element is present at a conce/tration between 1 and 90 
atomic percent at a depth, from the sample si/face, between 0.35^m and 
lOOOjim, 

97 A sample according to Claim 96 ch&racterised in that the impregnate 
element is present at a concentration be^^een 1 and 50 atomic percent at a 
depth, from the sample surface, betweofa 0.35 jim and I00|xm. 



98 A sample according to Claim 96 
element is present at a concentration 
depth, from the sample surface,/betwe 




acterised in that the impregnate 
1 and 10 atomic percent at a 
Jim and lOOjim. 



99 A sample according t</ Claim 96 characterised in that the impregnate 
element is present at a concentration between 1 and 10 atomic percent at a 
depth, from the sample sutt^ace, between 20|am and 30fim. 



aky one of-^ 



100 A sample according to ai 
that the impregnate element comprises a metal. 



- 96 to -9^ characterised in 



101 A sample aobording to Claim 100 characterised in that the metal is 
manganese, chronnum, silver or calcium. 
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102 A sample according tb ^laim 100 characterised in that the metal is a 
transition metal or a rare eartn<metal 

A method according to any one of Claims 77 to 8 1 characterised in 



103 

that the ben 



ficial 



substance substantially consists of a metal salt. 

104 A metttod according to -any one nf Claims 2Z-4e-«+-charactensed m 
that the beneficial substance substantially consists of a mixture of two or 
more metal salt 

teTnrs'77 to 8 1 "characterised in 
lid at 293 K and 760 mmHg. 



105 A method\according t 
that the beneficial\substanc 

106 A method adcordini^ to any^ ^ of Claims 82 to 86 or any one of 
Claims 88 to 93 characterised in that the impregnate substance substantially 
consists of a metal sal 




107 A method according to any one of Claims 87 characterised in that the 
impregnate substance slfbstantially consists of a mixture of two or more 
metal salts. 

tlLcty^x ^^^^ 

108 A method according to any-e uu uf Claims 82 to 8 > characterised in 

that the impregnate substance is a solid at 293 K and 760 mmHg. 

109 A silicon implant according to pam 73 characterised in that the 
element is present at a concentration httvJ^ I and 50 atomic percent at a 
depth, from the sample surface, betwefifn 10 ^m and lOO^im. 
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110 A silicon implant according to Clain^ 74 characterised in that the 
element is present at a concentration betwe/n 1 and 10 atomic percent at a 
depth, from the sample surface, between \Q \im and 100^m. 



■4% 



111 A sample according to Claim 97 ^tharacterised in that the impregnate 



element is present at a concentration J^etw 
depth, from the sample surface, between 




1 and 50 atomic percent at a 
and 100 p.m. 



112 A sample according to Claim 98 characterised in that the impregnate 
element is present at a concentration between 1 and 10 atomic percent at a 
depth, from the sample surface,/between 10 \im and lOOpm. 




